We previously determined that Protocadherin 15 (Pcdh15) is associated with the Ames waltzer mutation in the mouse. Here we describe where the Pcdh15 gene is expressed at speci®c times during mouse development using RNA in situ hybridization. The expression of Pcdh15 is found in the sensory epithelium in the developing inner ear, in Rathke's pouch, and broadly throughout the brain with the highest level of expression being detected at embryonic day 16 (E16). Pcdh15 transcripts are also found in the developing eye, dorsal root ganglion, and the dorsal aspect of the neural tube,¯oor plate and ependymal cells adjacent to the neural canal. Additionally, expression is also detected in the developing glomeruli of the kidney, surface of the tongue, vibrissae, bronchi of the lung, and in the epithelium of the olfactory apparatus, gut and lung. q
Pcdh15 is a member of the cadherin superfamily of calcium-dependant cell adhesion molecules. Four different alleles of Ames Waltzer (av) have mutations in Pcdh15 that cause deafness and vestibular defects in mice (Alagramam et al., 2001) . The stereocilia of the sensory hair cells appear disorganized at 10 days after birth in av homozygotes, suggesting that establishment or maintenance of planar polarity may be abnormal in these animals (Alagramam et al., 2000; Eaton, 1997) . We previously described expression of Pcdh15 in the adult inner ear, brain, spleen, kidney, female reproductive tract and heart using the northern blotting and reverse transcriptase-polymerase chain reaction (RT-PCR) procedures (Alagramam et al., 2001 ). Many of the protocadherins that have been characterized in vertebrates are predominantly expressed in the central nervous system in adults with low or no expression in other tissues (Sano et al., 1993; Strehl et al., 1998; Hirano et al., 1999) . Here we report RNA in situ analysis of Pcdh15 expression during embryogenesis in an attempt to better understand the role of this gene during development.
Results
We examined expression of Pcdh15 in a variety of tissues beginning at E12. We have not yet assessed whether Pcdh15 is expressed earlier in development. In the inner ear, expression was detected in the epithelium of the cochlear duct at E12, E14 (data not shown) and E16 (Fig. 1A) . Additionally, beginning at E14 (Fig. 1B) and continuing through E16 (data not shown), the semi-circular canals are positive for Pcdh15 mRNA expression.
Expression of Pcdh15 is also apparent in the embryonic brain. At the earliest time point studied (E12), expression is uniform throughout the brain (data not shown). By E14, expression can be detected throughout the brain with the highest level of expression in the developing cerebellum and the cell layer adjacent to the ventricles (Fig. 1C,D,F) . Expression decreases and becomes more heterogeneous farther from the ventricles (Fig. 1C,D) . Expression of Pcdh15 is also found in the dorsal root ganglion at E12 (data not shown) and in the dorsal aspect of the neural tube, oor plate and ependymal cells adjacent to the neural canal at E14 (Fig. 1E) . Additionally, Pcdh15 expression is also apparent in Rathke's pouch, which will develop into the pituitary gland (Fig. 1H) . At E16, expression is high throughout the brain, with a more de®ned gradient that decreases from the cells of the ventricular zone to those of the neopallial cortex (Fig. 1I) . In the adult CNS, Pcdh15 expression is limited to only the granule cells of the cerebellum (Fig. 1G) .
The developing mouse eye shows continuous expression of Pcdh15 in the neural and pigment layers of the retina and lens capsule epithelium at E12 (data not shown), E14 (Fig.  1J ) and E16 (data not shown). (These in situ experiments were performed in wild-type FVB animals that are albino and, therefore, lack eye pigmentation).
Finally, expression of Pcdh15 can be found during organogenesis in a number of tissues. In the kidney, the highest level of Pcdh15 is detected in metanephric vesicles and developing glomeruli at E12 (data not shown) and E14 ( Fig. 2A) , and a low level of expression was detected in the metanephric mesenchyme. This localized expression in the glomeruli is maintained in the adult kidney (data not shown). At E14, Pcdh15 expression can be detected Fig. 1 . Expression of Pcdh15 in sensory epithelia and CNS development. In situ hybridization reveals expression in sensory epithelia of the cochlea (A), semicircular canals (B) and eye (J, arrow denotes pigment layer of the retina). Pcdh15 is also found throughout the developing brain, along the ventricles (arrow in D,I), in the embryonic and adult cerebellum (F,G) and in Rathke's pouch (arrow in H, asterisk indicates diencephalon). The E14 neural tube is also positive for Pcdh15 expression (E, arrow indicates¯oor plate). ce, cerebellum; cp, choroid plexus; gc, internal granule cell layer; nc, neopallial cortex; vz, ventricular zone. Magni®cation: 200£ in A, B, 25£ in C, G and 100£ in D±F, H±J. throughout the gastrointestinal tract in both epithelia and the surrounding muscle (Fig. 2B) . Pcdh15 is also found in the follicle of the vibrissae, pulmonary bronchi, olfactory epithelium and nasal cartilage as well as in the tongue (Fig 2C±F) .
Discussion
In summary, Pcdh15 is expressed in the developing sensory epithelia of the inner ear, CNS, and epithelia of the kidney, lung and gastrointestinal tract. The broad expression of Pcdh15 during embryogenesis and the fact that it continues to be expressed in adult structures outside the CNS distinguishes it from other known protocadherins. It is noteworthy that many of the cells that express Pcdh15 during embryonic development are ciliated cells that comprise many of the polarized epithelial structures in the embryo, including those of the inner ear.
Methods
RNA in situ hybridization experiments utilizing digoxigenin-labeled riboprobes in tissue sections were performed essentially as previously described (Hendricks et al., 1999) . Dig-Pcdh15 sense and antisense probes were synthesized with digoxigenin-11-UTP (Roche, Burlington, NC) from a 1089 bp fragment of the Pcdh15 full-length cDNA (Alagramam et al., 2001 ). Tissues were ®xed in 4% paraformaldehyde, cryoprotected in 20% sucrose and cryostat sectioned at 12 mm. Sections were hybridized overnight at 658C with DIG-Pcdh15 probe diluted 1:400 in hybridization buffer (50% formamide, 5£ SSC, 2% BM blocking agent (Roche), 0.1% Triton X-100, 0.1% CHAPS, 1 mg/ml tRNA, 5 mM EDTA pH 8.0, 50 mg/ml heparin). Diglabeled Pcdh15 probe was detected with BM purple AP substrate solution (Roche) for up to 1 day in the dark. Sense probes reproducibly showed no signal above background. Fig. 2 . Expression of Pcdh15 in the developing kidney (A), gut (B), follicle of the vibrissae (C), bronchi of the lung (D), olfactory epithelia (E) and the tongue (F, arrow indicates dorsal surface). The arrow in E points to the developing serous gland. m, muscle; e, epithelia; oe, olfactory epithelia. All images at 100£ magni®cation.
